Abstract: Cerium(III) nitrate hexahydrate efficiently catalyzes the three-component Biginelli reaction under solvent-free conditions of an aldehyde, a β-keto ester or β-diketone and urea or thiourea to afford the corresponding 3,4-dihydropyrimidin-2(1H)-ones or -thiones in excellent yields.
Introduction
3,4-Dihydropyrimidin-2(1H)-ones (DHPM) and their sulfur analogs have been reported to possess remarkable pharmacological properties. Some of which have antiviral, antitumor, antibacterial, antiinflammatory, and antihypertensive activities [1] [2] [3] [4] [5] , some are calcium channel modulators [6] , and α 1a adrenoceptor-selective antagonists [7] . The structurally rather simple DHPM monastrol (Figure 1 ) specifically inhibits the mitotic kinesin Eg5 motor protein and can be considered as a new lead for the development of anticancer drugs [8] . The batzelladine alkaloids A and B (Figure 1 ) inhibit the binding of HIV envelope protein gp-120 to human CD4 cells and, therefore, are potential new leads for AIDS therapy [9] . As a result new synthetic methods for the efficient preparation of these heterocyclic compounds are of great importance. Very recently, several modified and improved procedures for the one-pot synthesis of dihydropyrimidinones have been reported [10] , but many of reported methods have drawbacks such long reaction times, harsh reaction conditions, the use of stoichiometric reagents or of toxic and inflammable solvents, difficult work-ups or low yields of products and incompatibility with other functional groups in the molecules. Consequently, there is a need to develop new methods using less hazardous reagents and solvents, or even better, ones that can be carried out under solventfree conditions. 
Results and Discussion
In recent years lanthanide salts have been used as catalysts in the Biginelli reaction, for example: LaCl 3 ·7H 2 O in refluxing EtOH [11a] or Yb(OTf) 3 under solvent-free conditions [11b]. Bose and coworkers have reported the CeCl 3 ·7H 2 O-catalyzed synthesis of DHPMs in moderate to good yields (65-80%) under solvent-free conditions, but their procedure suffers from some drawbacks such as the very long reaction times needed (up to 10 h) and the use of fairly high amounts of the catalyst (25 mol %) [11c] . In this paper, we wish to report a simple and efficient method for the synthesis of DHPMs using cerium(III) nitrate under solvent-free conditions. Thus, the reactions of several activated and deactivated aromatic and aliphatic aldehydes with a β-keto ester (or β-diketone) and urea using a catalytic amount of Ce(NO 3 ) 3 ·6H 2 O produced a range of DHPMs in excellent yields under solvent-free conditions at 80 ºC (Scheme 1). Scheme 1. Thiourea was also used as one of the ingredients with similar success to provide the corresponding 3,4-dihydropyrimidin-2(1H)-thiones, which are also of interest for their biological activities [8] . In all cases, 3,4-dihydropyrimidin-2(1H)-ones (and -thiones) were the sole products and no by-products were observed. The experimental procedure is very simple and convenient, and under the reaction conditions used, can tolerate a variety of other functional groups such as methoxy, nitro, hydroxy, halides and olefins. The results are summarized in Table 1 , which clearly indicates the generality and scope of the reaction with respect to various aromatic, heteroaromatic, unsaturated, and aliphatic aldehydes.
According to the mechanism suggested by Kappe [12] , we propose a mechanism for the Ce(III)-catalyzed Biginelli reaction as shown in Scheme 2. The aldehyde may react with urea to form an acyl imine intermediate 5, which is activated by Ce(III). Subsequent nucleophilic addition of the activated β-dicarbonyl compound 6 followed by cyclization and dehydration affords the 3,4-dihydropyrimidin-2(1H)-one 4.
Scheme 2. 
Conclusions
In summary, we have developed a new and efficient synthetic methodology for the synthesis of 3,4-dihydropyrimidin-2(1H)-ones and their thio analogs under solvent-free conditions using a catalytic amount of Ce(III) nitrate. Moreover, the mild reaction conditions, short reaction times, high yields of the products, ease of work-up, compatibility with various functional groups, and the environmentally friendly nature of the procedure should make the present method a useful and important addition to the known methodologies for the Biginelli reaction.
